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HOLYOKE 
Hydrodynamic Experiments. 



To make the matter generally understood, the following notice 
is here republished : 

HOLTOKE WATEE POWEE OOMPANT, 

Holyoke, Miasg., April lO, 1879. 

NOTICE TO TURBINE BUILDERS AND MANUFACTURERS, 

The practice of testing turbines, so common the past ten years, has undoubt- 
edly done much towards bringing the best into use; but there has been one 
serious defect in the sj'stem ; that is, the practice has generally been confined to 
the trial of small wheels, owing to the great expense that would be caused by the 
tests of large sizes. As it is a matter of vast importance that the best turbine 
plans should be established beyond chance for doubt, this Company has provided 
means for a thorough competitive test of the various kinds of turbines that may 
be offered for trial, and invite Water Power Companies, cities that pump their 
water supply, and all others interested in the matter, to take part therein. 
Each builder shall superintend the setting of his wheel— tlie setting and testing 
to be done at the expense of the Water Power Company. *Capacity of eacli 
wheel to be sufiicient to discharge about 5000 cubic feet of water per minute, 
under 18 feet head. Each wheel will be thoroughly tested from half to whole 
gate, and, if deemed best, under at least two different heads; also under several 
feet of back water. At the conclusion of the trial, a full report will be made of 
the results obtained and of the workmanship, and probable durability of eacli 
kind of wheel tried. Turbine builders of this or any other countrj' are invited 
to furnish wheels, and those proposing to do so should give notice of such 
intention as soon as possible. 

Tests to commence the first day of September next. 

HoLTOKE, Mass., June 2, 1879. 

♦Builders who have not got patterns for wheels of so large capacity' may 
enter their largest size, but it is hotter that all should discharge about the same 
quantit}'. 
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The parties here Darned have either entered wheels for the trial or have made 
applicatiou for informatiou as to conditions to be observed, &c. 



Swain Turbine Co., Lowell, Mass. 
Houston Turbine, 

Fales & Jenks, Pawtucket, R. I. 
Wolf, Allentown, Pa. 
Victor, Stilwell & Bierce M'fg Co., 

Dayton, Ohio. 
Hercules, Holyoke Machine Co., 

Hol3'oke, Mass. 
Henry Vaudewater & Co., 

Auburn, N. Y. 
Willis Reed, Danbury, Ct. 
E. Dodge, Spencer, N. Y. 
Edward Wemple, Fultonville, N. Y. 
Joseph Hough, Mechanics Valley, Pa. 



Humphrey Machine Co., Keene, N. H. 
S. Sleeper, Mt. Morris, N. Y. 
Knowlton & Dolan, Logansport, Ind. 
National, Bristol, Conn. 
Little Giant, Auburn, N. Y. 
T. H. Risdon, Mt. Holly, N. J. 
Rodney Hunt Machine Co., 

Orange, Mass. 
W. D. King & Co , Pontiac, Mich. 
N. F. Burnham, York, Pa. 
Wm. F. Perry, Bridgeton, Maine. 
Goldie, McCulloch & Co., 

Gait, Canada. 
Gates Curtis, Ogdensburg, N. Y. 



As is often the case in such trials, few of those desirous of taking 
advantage of the Company's offer were ready at the time named, and, 
as the notice did not state any time for closing, builders have been 
tardy in sending their wheels. The ordinary work of the testing 
flume has been continued during the time, -so that the wheels re- 
ported are only about one-half the number tested; and any one 
acquainted with the matter will see that there has been no unneces- 
sary delay in making the report. 

The experiments were announced as competitive, meaning, in 
general utility, economy in the use of water, convenience, cost and 
durability. 

Large turbines were called for, that their discharge might be 
greater than could be measured in the testing flume of any turbine 
builder, but this was not insisted upon, as, to have done so, would 
have limited the competition to a few old builders with full sets of 
patterns, whose wheels have often been tested and reported. Ex- 
perience has not yet produced any fact that even hints that any 
particular size of turbine, small or large, can be made to produce 
higher results than any other size of the same make. Consequently, 
builders were allowed to send wheels the most convenient in size 
for themselves, and it is not known that any one of experience 
furnished a wheel with the expectation that it would give the highest 
possible results, but that its general merits should commend it to 
the public, and that the value of any peculiarity in its construction 
should be determined. 

Competitive turbine tests, in the common meaning of the term, 
have been useful in the past, as they have enabled those interested 
in such matters to decide upon the most desirable plans. At the 
present time, however, such tests can have no public value, because 
each turbine tested only represents itself in efficiency. Another of 



the same size and make might and probably would give quite dif- 
ferent results, so that should each competitor have a second, third 
or a tenth wheel tried, his standing would be likely to change with 
each wheel tested. The Fourneyron, Boyden, Birkinbine and 
Centennial tests all prove this- fact, as they also prove that the 
builders who have furnished the turbines that have given the highest 
efficiency reported, have only had a brief popularity, as manufact- 
urers have found other turbines more desirable for business ; and 
it will be evident from the results obtained in these experiments, 
that builders have taken this fact into consideration and have gen- 
erally tried to produce turbines economical at any stage of gate 
opening, rather than to gain the highest possible efficiency at whole 
gate, where, in practical use, it is rarely used. And in this there 
has been a decided gain, as there has also in an increased capac- 
ity for a given diameter of wheel, noticeable in the Rechard as well 
as the Hercules and New American. 

In considering the comparative merits of the wheels here 
reported, it should be understood that previous to 187G turbines of 
any make for a given diameter generally gave about the same 
power. There were builders who believed in some mysterious 
power in leverage, who constructed wheels with extended diameter 
and prd))ortionally small discharge, but these were exceptional; 
the rule held good, and it will be necessary to take this fact into 
consideration to realize the improvements in turbines during the 
past four or five years. 

Turbine builders were requested to furnish draft tubes of different 
sizes with their wheels, that the efficiency of such tubes might be 
determined ; and that the loss in transmission through belts and 
gears might also be ascertained, several well known gear-making 
firms were requested to furnish gears for trial. 

The experiments have been conducted upon the supposition that 
their purpose was to ascertain the real utility of the various devices 
tested under the every-day ordinary conditions to which such plans 
are subjected in practical use, rather than possibilities in exceptional 
cases under the most favorable circumstances ; and features of known 
interest developed are recorded in connection with their development. 
It was expected that the experiments would require much time, and 
as they were made in the public testing fiume, it was necessary that 
each should be conducted as expeditiously as accuracy would per- 
mit; consequently, James Emerson, from his intimate familiarity 
with such matters and experience in handling wheels, was employed 
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to see that each turbine was set in a manner satisfactory to its 
builder, an(} to have a general supervision over the work. 

Samuel Webber, Civil Engineer of Manchester, N. H., known 
in connection with the Centennial tests, was selected to assist in 
making the experiments, and reports herewith. 

Theo. G. Ellis, Civil Engineer of Hartibrd, Conn., well known 
through his published works and long employment by the govern- 
ment in river and harbor improvements, was selected by the turbine 
builders to see that the experiments were skillfully and fairly con- 
ducted, whose report is appended. 

For the information of the uninitiated, it is proper to state that a 
turbine, under a given head, does its best at a certain speed. To 
find this point it is necessary, in testing, to begin with a light weight, 
run a minute or more, then add weight and repeat until the best 
point is found ; and the test that fixes that point is the speed at which 
the wheel should be geared to work, and the efficiency at that point 
is the efficiency of the wheel. The average efficiency from a part 
to whole gate means when the wheel is running at that speed at 
any stage of gate opening, and the efficiency at other speeds is 
to be considered only so far as it shows the loss that will occur 
through gearing above or below the proper point. 

The tests are supposed to be correct and complete in each case 
as given, but for the information of students or others wishing to 
work out the data for themselves, the following is given in explana- 
tion of the statement at the head of each test : multiply revolutions 
by 10, 20, &c. It must be understood that during each test the 
scale beam is attached to the brake at a point which, if revolv- 
ing, would describe a circle of 10, 15 or 20 feet in circumference. 
Consequently, the revolutions must be multiplied by the number 
given, as for example : Of the first New American wheel tested — 
rev. per minute, 207.6; weight, 675. 207.5X15=3112.5X675= 
2100937.5-^-33000=63.66 h. p. 

To make this report really useful, it is issued in size convenient 
for the pocket. 

WM. A. CHASE, Agent. 



Engineers' Reports. 



REPORT OF THEO. G. ELLIS. 

Hartford, Comn., September 13, 1880. 

WILLIAM A. CHASE, Esq., 

Agent of the Holyohe Water Power Co. 

Sib : Having been requested to take part in the interesting 
experiments upon turbines made bj your Company in October and 
NoTember, 1879, at the Holyoke testing flume, I did so with great 
reluctance as, owing to many professional engagements, I could not 
give so much time to the subject as its importance seemed to 
warrant, and could not possibly be at Holyoke at all times during 
the experiments. I finally, however, agreed to be present at part, 
at least, of the tests in behalf of the turbine builders, to see that 
the experiments were fairly conducted .as far as lay in my power, 
and to make such observations as I thought best. 

It was understood that the mechanical work of setting the wheels 
and making the experiments was to be superintended by James 
Emerson, whose previous experience in the testing of turbines at 
the same locality eminently fitted him for the task. The flume and 
apparatus used was mostly, if not entirely, designed and con- 
structed by him, and he was familiar with all its details and 
capabilities. Whatever may have been his previous published 
views, it is believed that in the present tests all the turbines 
presented for trial have received the same careful attention and 
trial. In some cases the record does not appear to show as full 
and complete a trial as in others, but there was always some good 
reason, irrespective of any prejudices for or against that particular 
wheel, for the apparent limitation of the trial. 

Mr. Samuel Webber, civil engineer, of Manchester, N. H., who 
had superintended the Centennial tests of turbines, was present 
during the whole of the experiments, and I availed myself of an 
association with him in overlooking the experiments, so that one of 



us should be present at every trial, and thus always have a dis- 
interested party to record the readings of the dynamometer and 
gauges, and the time of the experiment, to serve as a check upon 
the readings recorded by Mr. Emerson's assistant and taken by 
him. Mr. Webber was assisted most of the time by Mr. Stockwell 
Bettes, civil engineer, of Springfield, Mass., who read the gauges 
and otherwise checked the readings taken and recorded by Mr. 
Emerson. 

All of Mr. Emerson's readings, and such of Mr. Webber's as he 
desired, were recorded in a book kept for the purpose. These 
records were kept and all the computations therefrom were made 
by Miss Charla Adams, who for a long time has been familiar with 
such experiments and computations as an assistant of Mr. Emerson, 
and who, I am satisfied from a personal examination of her work, 
has performed the duty in a careful, accurate and thorough 
manner. 

Experiments upon the following wheels were all witnessed by 
Mr. Webber, and part of them by myself: 

October 10, 1879, Tyler Wheel. 

Thompson Wheel. 

New American Wheel. 

" Humming Bird " Wheel. 

Success Wheel. 

Two Tait Wheels. 

Repeated Test of Tait First Wheel 

(buckets chipped). 
Sherwood Wheel. 
Nonesuch Wheel. 
Curtis Wheel. 

Pair of Curtis Wheels set horizontally. 
Hercules Wheel. 
Hercules Wheel. 
Houston Wheel. 
Wetmore Wheel. 
Monarch Wheel. 

The computed volumes of discharge, and the percentage of 
efficiency of the foregoing wheels, as shown in your Report, the 
proof of which has been submitted to me, have been carefully ex- 
amined with a view to determine the relative value of the wheels 
named, and their respective performances under the diffierent con- 
ditions and amounts of water with which they were tested. 

In the testing of turbines, it has been the practice to first de- 
termine the velocity at which the wheel will give its greatest effect 
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when using all the water that will run through it with the gates or 
entrance apertures open to their full extent, or at "full gate; " 
then to diminish the quantity of water to three-quarters and one- 
half, as nearly as practicable, and to estimate the power of the 
wheel when running at the same velocity. The experiments at 
Holyoke were conducted practically in this manner. The best 
velocity was found for ** full gate," and then the amount of water 
was diminished gradually in successive experiments to the neigh- 
borhood of half the quantity, with the wheel running as nearly as 
might be at the same speed. 

This is perhaps the best way to make such tests, everything con- 
sidered. But it does not-in all cases give the exact relative value 
of the wheels. Some turbines might give a better result at a 
different velocity when using a less amount of water, and make 
their average, say, from half to full gate better than by the former 
method. The difficulty, however, of getting at the exact velocity 
at which any turbine would give its best results when using differ- 
ent quantities of water, is too great to warrant such determinations 
in a series of comparative tests such as were made at Holyoke. 
The same method must be established for all, and the customary 
one appears to be the fairest, as no other would probably be agreed 
to by all the turbine builders. In the practical use of turbines for 
power, it is rarely the case that a wheel is put in of the exact power 
required. A margin must be left for an excess of power to meet 
emergencies, and allowance must be made for an increase of 
machinery, so that a larger wheel is ordinarily purchased than 
would just suffice to meet present requirements. For this reason, 
it is not the wheel which gives the highest percentage of efficiency 
at "full gate" that is really the best wheel. There can be no 
point fixed at which any wheels should be compared, but it is 
thought that perhaps "three-quarters gate" is about the average 
point at which wheels are used, and their comparative efficiency at 
from one-half to their full power sufficiently represents their real 
value. It would probably be a better comparative test of wheels to 
get their best velocity at "three-quarters gate" and run them with 
the same velocity for greater and less quantities. This would give 
the real value of the wheel better than the present practice, but it 
would probably not be generally agreed to. In using the terms 
" full gate," " half gate," " three-quarters gate," etc., the relative 
quantity of water is meant. The opening of the wheel gates them- 
selves is not considered. Their construction is often such that 
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opening or closing them a certain proportion does not affect the 
quantity of water in the same manner. It not unfrequently happens 
that a slight closing of the gate increases the quantity of water 
passing through them, so that the gates themselves are deceptive 
and are no criterion of the amount of water used. The gate open- 
ing is sometimes used to deceive the uninitiated in the circulars of 
unscrupulous turbine builders, calling *' half gate'* perhaps two- 
thirds the whole quantity of water, so as to give a higher percentage 
of efficiency, but the only true standard of comparison is the actual 
amount of water measured as it leaves the wheel. 

The experiments upon the be£[)re-named wheels have been care- 
fully plotted with the amounts of water and the percentage of 
efficiency as co-ordinates, and a mean curve drawn through the 
points for each wheel. These curves have been all reduced to a 
uniform horizontal scale for the purpose of comparison, so as to 
obtain their relative efficiency at all proportions of the whole 
amount of water from half to full gate. The curves of the eight 
wheels giving the highest efficiency are shown on the annexed dia- 
gram. The horizontal scale shows the parts of the whole quantity 
of water from half to full gate, and the vertical scale shows the per- 
centage of efficiency at all points corresponding to the amount of 
water indicated. 

The average percentage of efficiency for these eight wheels has 
been computed for the amount of water from half to three-quarters 
gate, from half to full gate, and from three-quarters to full gate, as 
shown in the following table : 

Table Showing Average Percentage at Fart Gate. 



Name. 


itog. 
Per cent. 


3 to full. 
Per cent. 


k to full. 
Per cent. 


Hercules, 


.737 


.805 


•771 


New American, 


.732 


.795 


•763 


Success, 


.708 


.786 


.747 


Tyler, 


.665 


.766 


.715 


Tait, 


.680 


.744 


.712 


Thompson, .... 


.696 


.721 


.709 


Nonesuch, .... 


.619 


.712 


.666 


Houston, .... 


.397 


.717 


.557 
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By examining the diagram and the foregoing table, the peculiar- 
ities of the several wheels will be readily seen. It will be observed 
that the Houston turbine, which has the highest percentage of 
effect at full gate, is really the least efficient at from half to three- 
quarters, and from half to full gate, of all those shown on the dia- 
gram, and is only superior to the Nonesuch at from three-quarters 
to full gate, and that by a very trifling amount; so that the wheel 
which apparently has the highest percentage is really the least de- 
sirable for actual use. The Thompson turbine, which has the 
lowest percentage of those shown, at full gate, rises to the sixth 
place at from one-half to full gate, and to the fourth place at from 
one-half to three-quarters gate. The Tyler turbine, which has the 
second highest percentage at full gate, falls to the sixth place at 
from one-half to three-quarters gate. The Hercules turbine, which 
stands third only at full gate, takes the first rank at from half to 
full gate, or any of its subdivisions. The New American turbine, 
which stands only fifth in the percentage at full gate, is second only 
to the Hercules at from one-half to full gate or either of its subdi- 
visions, and, indeed, diflfers from the Hercules very slightly in its 
useful eflfect through the whole range shown. 

Taking the average useful eflfect of the wheels shown from one- 
half to full gate as a measure of their efficiency, their relative value 
is in the order shown in the table. 

Among the turbines tested at about the time of the experiments 
upon the wheels before named, were two very remarkable ones on 
account of their very different qualities and performance. These 
were the Rechard, a statement of which is included in your Report, 
and the Victor, which was used in the gear experiments, likewise 
attached to your Report. The first-mentioned has a percentage 
of useful effect of only 69 at full gate, while the latter has a per- 
centage of 92. At thirteen-sixteenths of full gate, the percentage of 
efficiency becomes reversed, and below that the Rechard is by far 
the most effective turbine. From one-half to full gate the efficiency 
of the Rechard is second only to the Hercules, while for the same 
range the Victor would come fourth in the list. 

Neither Mr. Webber nor myself witnessed the experiments upon 
these wheels, but they are mentioned to show that a high percent- 
age at full gate is often deceptive and does not always indicate the 
best wheel for practical use. 

In the foregoing Report, with the exception of the last two wheels, 
only such wheels are considered as were tested in the presence of Mr. 
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Webber or myself. The list appears to embrace all the really good 
wheels presented, and gives their efficiency as we saw it. Some of 
these wheels show a little higher percentage than I have given in 
some of the other experiments in your Report, particularly the 
New American, but I have thought best to confine myself to those 
experiments that were witnessed and verified by the attending 
engineers. 

With the sincere hope that comparative and competitive tests of 
turbines will be continued, and that thereby the public and users 
of power will know more fully the qualities of the wheels they pur- 
chase, and the useful effect they are likely to derive from them, 

I remain, very respectfully yours, 

THEO. G. ELLIS, Civil Engineer. 



REPORT OF SAMX WEBBER. 



WM. A. CHASE, Esq., 

Treasurer Holyoke Water Power Co, 

Deab Sir : I was requested by you in October, 1879, to come 
to Holyoke and be present at a series of competitive tests of tur- 
bines, and to see that the measurements were correctly made, and 
the apparatus in perfect order. I was, accordingly, present the 
greater part of the time from October 9th to November 15th, and 
witnessed the tests of the following wheels, viz. : 

Oct. 9th and 10th, The " Tyler" Wheel. 






October 



nth, ** " Thompson" Wheel. 

14th, *' ** New American," being a wheel 

of the Swain type of bucket, 
with the case and gates for- 
merly used for the ' 'American 
Wheel." 

15th, The " Humming Bird " Wheel. 



l«th, 
17th, 
18th, 



(( 



2ist, 



22nd, 
27th, 

Nov. 11th and 12th, 
13th, 
14th, 
. 15th, 



" Success " Wheel. 

** Tait Centennial," 2 wheels. 

** ** 1st wheel repeated. 

"Sherwood" Wheel. 
"Nonesuch" Wheel, from Clark & 

Chapman. 
** Gates Curtis " Wheel. 

" pair of wheels on draft tube. 
"Hercules" Wheel. 
"Houston" Wheel. 
" Wetmore " Wheel. 
"Monarch" Wheel. 



During all these tests, I verified the measurements of the weir, 
revolutions of the wheal, the head of water, and the weight on 
steelyard, and in these measurements I was assisted by Mr. 
ckwell Bettes ; and from the data so obtained I have made up 
plete calculations of the results. 

have examined the pr jof sheets sent me by Mr. James Emerson, 
his report and calculations of these tests, and have no hesitation 
accepting them, as in \Qty many cases we agree exactly, while in 
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no case is there a variation of over 1 per cent., and these differences 
are mainly due to slight differences in the weir readings, as taken 
by Mr. Emerson and Mr. Bettes. 

I was also present during a portion of the gear and belt tests in 
April, 1880, and can certify to the correctness of Mr. Emerson's 
report of those tests, so far as the results then obtained are con- 
cerned. 

I cannot, however, consider these tests as conclusive, from the 
fact that the gears were entirely new, and that there was no accu- 
rate method of regulating the proper depth to which the gears 
should be put in contact — a slight change in such depth having 
shown a great difference in the net power attained. 

Neither was there any method for regulating or ascertaining the 
the tension of the belts. 

Nor should I be satisfied to accept the result obtained from the 
15-inch Victor wheel as conclusive of the merits of wheels of that 
make, as from various tests the very small wheels of almost all 
patterns usually give a higher percentage than the larger one&». 

Yours very truly, 

SAM'L WEBBER, C. E. 



REPORT OF JAMES EMERSON. 

WILLIAM A. CHASE, 

Agent Water Power Co,y Holyoke, Mass, 

Sir : Having, in connection with the engineers named, compfttJbd 
tlie series of turbine and dynamic experiments announced - by^ypur 
Company, the results obtained by myself, with accompanying 
remarks, are here submitted for your consideration. 

In presenting this report, it is a pleasure to recall the int^i^st 
taken in the experiments, from the beginning to their close^ . by 
engineers and experts in such matters. There was hardlya tHal 
of any kind without the presence of such. Mr. Bettes assistted 
almost invariably ; James M. Sickman, C. E. of Holyoke, oflfen 
examined the arrangements ; Prof. Norton, of the Sheffield*^ Scien- 
tific School of New Haven, Ct., with members of his cl&ss, spent a 
day in witnessing- the tests, and, later, six graduates of his cliiss 
assisted in testing the 15-inch Victor. Prof. Whittaker, of^tlie 
Massachusetts Institute of Technology, with some sixteen members 
of his class, not only witnessed the experiments, but had charge of 
the apparatus for several hours, and tested the 33-inch Herculi^ for 
practice. The Principal of the Holyoke High School, with a Ikrge 
delegation of scholars, both male and female, spent some hours in 
witnessing the tests, and seemingly with much pleasure. Tliek-e 
were also witnesses from very distant places, and some that- one 
would hardly expect would feel an interest in such matters^ Ihit 
they seemed to do so. 

JAMES EMERSON. 

WiixiMANSBTT, Mass., Aug. 1, 1880. 
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Tlie above diagram nhows that either wheel repreaented can 
hnneatly be recommendi-i] by its builder as giving bigh efBciencj. 
The practical inill owner, however, should be able to select ad- 
lantageoiislf ; but, to do so, he should take the fact into cottsid- 
'cration that the best turbines of a given diameter are of much 
greater capacity than formerly, and that he ia likely to get one 
too large to require whole gate. The 35-inch Victor fairly repre- 
sents the average efficiency of wheels of that make. 
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Weniple Wheel. 



Sfnt by M'^m. Wemple'n Sonx, Fultonrille, 2f. Y, 




IMnch wheel. Central and downward discharge, inside register gate. 



I>ata below for one minute. Multiply revolutions by 10. April 17,1879. 



Gate Opened 






Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 
Cent 


"Whole Gate 


18.30 


300 


000 


000 
















18.24 


150 


335.3 


16.24 


623.06 


.7265 












18.30 


160 


327.6 


15.88 


627.43 


.7298 












18.40 


170 


319 


16.43 


640.98 


.7375 












18.2d 


180 


303.5 


16.55 


645.48 


.7431 












18.40 


190 


296 


17.04 


648.48 


.7661 












18 3) 


200 


280 


16.97 


651.49 


.7616 












18.24 


210 


259.5 


16.51 


660.44 


.7257 












18.2J 


185 


293 


16.42 


648.48 


.7329 












18 17 


195 


282 


16.66 


651.49 


.7451 


Part Gate. 










18.23 


ito 


326 


14.81 


624.66 


.6887 














18.20 


175 


2^ 


16.69 


626.04 


.72S0 














18.20 


170 


294.6 


16.17 


642.48 


.6868 














18.21 


165 


282 5 


14.12 


699.42 


.6860 














18.22 


160 


2J0 


14.00 


596.42 


.6861 














18.24 


140 


278 


11.79 


542.63 


.6306 














18.24 


125 


293.5 


11.11 


625.45 


.6137 














18.34 


100 


259 


7.85 


437.65 


.6178 














1831 


100 


291.5 


8.83 


447 21 


.6700 














18.43 


75 


227.3 


6.65 


330 80 


.4906. 














18.33 


75 


300.6 


6.83 


370.86 


.6302 














18.41 


75 


301 


6.84 


373.48 


.6842 














18.42 


80 


2il.5 


7.07 


382 69 


.6309 














18.48 


55 


2'<8.5 


4.81 


299.18 


.4722 














18.48 


50 


303 


4.59 


298.03 


.4412 



Mr. Wemple not being able to get up a wheel of the size required in time« 
allowed this to be reported as a representative of the kind. 



Tyler Wheel. 

, «»( by John TyliT. 0;.itv..um/. J*^. H. 




CauMui ' 

M (ho I 

Mri^rlerwBs so imwjmni; t< 
letiita. 

.-»•» Iicloiv lor I 



T, die Bojden, 

: wheol w»s m»de from the same pBtterna as the one trt( 

u«n«w.. mw, KDil »eTer»l Kmes «t th» Iloljote flume. Bpedil pi 

UkcuthaEltahDulclbe an oxiiol daplirals of tbat one. Tlie curb wM I 

M (he CDDtennUl. yet. V will be wen by (hosB who haye the ms aiij lo d 

■ri>ail,llie dWhurae of Ihi* wheel wta one-sixth greBtec Ihim 1 

■-■- — lilUnB to Mcept Ihe remilts, that he had tb.' whe 

;J on Ihteo iuccesaiTe dajs, c«oh IrUI giving 11 

ilaWplr revolntlons by IS. Aug. 1, « 



le OiK^ned 



..,«, iw-wiEK' 


Horse 


S^M 














1373.83 




^ 






laraS 


S' 


tt 




89 70 


\ii\.n 




i* 









Koessinger & He&thecote. 

SitUbg XotfUigf .t UeathfoHr, GlmriKt, Fa. 




UMI OpCDCd 


II««1 


WfIkIiI 


Ucv p,:, 


PowfT 


cubic 
Feel 


I'er 








320i 


10 « 


61113 


^89* 
































































































































ifl 


^ 




28ia 


3.M 


635.71 


TMJ 










































18 38 













Tli<^ wheel Iwund upon 
the BuDie, ovirimukiT, ib 





18.53 


180 


28T.5 




as 

S!:!l 


tI33 


P.rcG»te 




100 


2M 


8.T3 


432.22 
478.14 





Victor Turbine. 

a .1 Sierce XanifailvHng (k>., . 




Thil wheel ll or recent nri^n ; dlKhuiT* tte wtter nied ontwird, dnv_ 

udcentntlly: has a register Kuts thuworlii easily md np''ii< In full with half i 

turn o( gate rod. It la no de.i(cned thMlM h"'- *■ J--" ■' 

de-ircd. Its dl'charKe In pmporljon lo lit d 

the Hercule*. Price at thli 8S-lnch vbet], fOM; «ei|;ht. 
D»ta below for one mioulf ■ Muillply rcvolulionn by 2 



oulj equtlid bj IhMof 



Gate Ope ne 



Weight ^ 



r Horn 






Cent 



"Walsh Double Turbine. 

Sinl by £. B. San/ord, SM^oi/gan Fall: Witcimtiiu 




two wfaeelA rvprewfited abore w«tq plAced 
'ided discbBrK', tx represented in tbe Bm^rnbeel m ihc right. TLi' 
iindergmte wiihoul Htmge. 

Data below for one minute. Multiply Terotutions bj 30. Sept. 8 





Gate Opened Hend 


Weight 


IU>;"per 


g„";r. 


Cubie 
Feet 


Cenl 


Wh 


1«G«" Ig 




20 




mow 


000 




























































































































































w 




1260 


14.fi 


0909 


^261 


.0023 
































" Jj*^ 


BSO 


20 


M*!« 




.»TfiO 


















;; jj-j* 


*.?o 


20'* 


















































" 


■ - ._ :_-__'8.:a_ 


*M 




28.15 


2HU.23 


.3KM 



Kli^s Turbine. 

1. Xing, PmUac, MkAlgam. 




Wkttl, 30 tiuJUt diOHUltr. 
Iiliip wu II crntnl dluhurge, o 
rai-ril or lowered on IheHucI 
II depth frtMn f-D tnch opcaini 



liectiUinii of getting ih 



sMtriiotMt with xherx- 
ised. whether Ihe wheel 
- -- the crown plwe 



»h>i 




down 


to 


llM 


h. 


ttl 


m 


rim of wheel, tb 


4» formid 




ilself. 


1- 


D.l« helow tor one minute. Mulliplyroi 


olutious 


bjlS. Bept.a0,1870. 


tiUB Opened. 


Bead 


Weigh. 


?ni'nJ,V 


Horse 


S'.f 


Per 
Cent 




1J93 




000 


00 00 


1868 4T 






: 












iJisa 


eun 




39! 77 


1BW.34 


.W3I 
.«120 




































































17.80 


TOO 


57" 




af^.SB 


.5! OS 




:; 












iJ'bI 


590 


MS 


































I 














ITM 


480 
SCO 

aw 


Mis 

it 

99. S 


aoiflj 
21.00 

16,8& 


1936.83 

iToeias 

i«s!4i 
loisiss 


1 

s 




























" 


















w 




3.74 


esaoft 


.1S35 




poadiiig it 

Americui, ita relwiie valne may be npproilniBMd. 

It win be uoQflcd Chat ftfur pirdaltr doling Ihe gBle, llie dlBClurgs was gr 
than with the gate opened in fuU— a rather curious tenture, Lhouith the eamc 

Dutibeloirforoiicminule. MulHpIr rerolntiono by 20. Ocl. B. I87S. 



G»ie Opened 


no.U 


Weight 


^i'nuC 


Power 




Cenl. 




1«M 


102 5 


ISllS 


4T30.67 


7BW1 




































































i:!«i 


1500 
13«W 

lliO 
1100 




es.45 


«51 
Bis: 


« 

OS 

M 
It 


.T»6B 
.T«B2 

'.mi 
'mh 































'2iy 



Thompson Wheel. 

/SVn< hj/ Thompson Iron Works, Union City, Pa. 

40-inch wheel, diagoual in shape, like the Houston. 

Data below for one minute. Multiply revolutions by 20. Oct. 11, 1879. 



Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 

Cent 


Whole Gate 


17.66 


1800 


000 


000 


2958.73 


000 


4 
















17.49 


900 


139.6 


76.14 


3302.65 


.6982 


( 
















17.47 


1000 


128 


77.57 


3314.46 


.7092 


i< 
















17.48 


1100 


117 


78.00 


3334.34 


.7085 


<( 
















17.50 


1200 


102.5 


74.54 


3330..38 


.6771 


«( 
















17.50 


1075 


120.5 


78.50 


3334.34 


.7122 


ti 
















17.50 


1125 


115 


78.40 


3342.80 


.7096 


i 
















17.48 


1100 


118.6 


79.06 


3346.28 


.7155 


<l 
















17.48 


1100 


119.2 


79.48 


3346.28 


.7192 


<( 
















17.50 


1125 


117.3 


79.97 


3342.30 


.7239 


Part Gate. 












17.58 


1100 


111 


74.00 


3133.18 


.7113 


<i (t 












17.58 


1100 


112 


74.66 


3133.18 


.7176 


14 41 












17.56 


1050 


119.7 


76.17 


3114.64 


.7529 


i. 44 












17.72 


050 


118 


67.94 


2783.48 


.7292 


41 << 












17.94 


800 


120 


58.18 


2380.93 


.7212 


14 44 












18.16 


600 


126.5 


46.00 


1963.12 


.6832 


4. 44 












18.15 


7('0 


114.5 


48.57 


2004.10 


.7069 


It 44 












18.10 


676 


117.5 


48.06 


1993.00 


.7052 


« 4« 












18.23 


600 


118.5 


35.90 


1545.00 


.6748 


<l <4 





__„ 


'.. • 




18.27 


475 


123 


35.41 


1538.57 


.6671 

3 



Sherwood Wheel, 

20-inch wheel. 



Downward disfchiu'ge, 8imilar to the Risdon, with plain cylinder gate ; had been 
in use two j'ears ; wa:) sent for the purpose of ascertaining the elnciency of the 
plan. 

Data below for one minute. Multiply revolutions by 10. Oct. 7, 1879. 



Gate Opened 



Whole Gate. 



4( 4( 

« 4« 

Part Gate. 

«4 
44 
44 
44 
44 



Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 

Cent 


18.31 


260 


248.2 


19.55 


835.13 


.6769 


18.32 


270 


242.2 


19.81 


848.37 


.6748 


18..32 


280 


230 


19.51 


848 37 


.6647 


18.31 


250 


259.2 


19.63 


848.37 


.6692 


18.36 


260 


248 


19.53 


805.01 


.6996 


18.41 


260 


212 


16.70 


746.59 


.6432 


18.43 


225 


255 


17.38 


756.00 


.6606 


18.43 


245 


231.5 


17.18 


754.42 


.6543 


18.43 


235 


243 


17.30 


754.42 


.6588 


18.43 


2;:o 


251 


17.49 


754.42 


.6508 



Perry's Improved Turbine. 

Snf by Wm. F. Ftrrg, SriiigloH, Xt, 




1828 g« 
1181 'j4 



Bej'Dold's Champion 'Wheel. 






DMsbclawf 


IT 


OW 


m 




te. Mu 


tiply r«olutions 


by 10. 0«. IS, 18W. 


Gute Opened 


n<^ad 


W.i^l,t 


mimSr 


lIOTBe 

power 


Cubic 


Cenl. 


Wliirfa G»tf 


Jfl.M 


B50 


009 




lOlO.M 


000 






























;: 












\iMI 


i 


i? 


v.<a 


lo^flisg 


iTflW 




















2W' 


WM 


n91.20 




















4W 






10S.M 






;; 












18M 




»a'5 


WM 




'hfa 


r«it GMc. 












isia? 


875 




2»!m 


ossiis 


.■\m 




















2^S 




091 iw 


















5|-^ 


aao 


Ms" 


29.« 




■'tjj 




































































sin 


SS5 


362* 


27!o« 


mues 


!74M 

!7aw 


;: 














840 


zoo 


!3a 


9:66 
h.sti 


II 


.es7o 

.«97 

.eisas 
















s.« 


IM 


seo' 


.99 


781.83 


W 






















.ai 






























iuio 
















w!ea 


90 


260 


loe 


Miiia 


.8873 



New Ameriraii Wheel. 




iw(td iljacliatge— ve 



ft2;].t» 



30 



Unmniiiig nit*d Wlieels. 

48-inch wheelst sent by Willis Readt Danburyt Ckmn. 

Through some peculiarity of construction, which, without illustration, is inde- 
scribable, these wheels keep up a constant hummhig sound while running; hence 
their name. Mr. Read was promptly'on hand with his wheel, which was tested 
Sept. 6. From information obtained by the test, he took a new departure and 
constructed another wheel, which was tested Oct. 15. The results of each may 
be found below. The workmanship of the wheels would hardly cause manu- 
facturers to look for machinery in Danbury. 



Data below for one minute. Multiply revolutions by 20. 



Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 

Cent 


Whole Gate 


17.95 


1550 


000 


000 




000 


i< «< 


18.02 


750 


103 


46.81 


2187.80 


.6287 


«( <( 


18.02 


775 


12 


47.91 


2211.71 


.6366 


« •« 


18.U0 


8D0 


1006 


48.72 


2218 70 


.6473 


«. tt 


18.00 


8J5 


98.2 


49.60 


22:32.70 


.6533 


«< t< 


17.98 


850 


97.5 


50.22 


2246.73 


.6581 


li «t 


17.98 


875 


96 


50.90 


2260.77 


.6629 


<( «i 


17.97 


900 


95 


51.81 


2271.33 


.6720 


. << <( 


17.95 


925 


93.5 


52.42 


2306.62 


.6702 


« << 


17.94 


950 


90 


51.82 


2338.53 


.6537 


Part Gate 


]8.40 


425 


98.3 


24.03 


1210.67 


.5734 


(< «( 


18.41 


400 


100 


21.21 


1196.08 


.5828 


«l 41 


18.45 


400 


92 


22.30 


1089.69 


.5872 


(t (t 


1S.41 


420 


96.7 


21.78 


1255.49 


.5670 


4( «l 


18.40 


500 


91.5 


27.72 


1-269.56 


.6283 


«• «< 


18.34 


60J 


83.5 


3i.l8 


1398.88 


.6(540 


44 41 


18.32 


600 


91 


33.09 


147V. 63 


.6493 


44 4( 


18.18 


7uO 


96 


40,72 


1827.76 


.6483 


41 4( 


18.16 


750 


93.2 


42.36 


1887.49 


.6)41 


4i il 


18.13 


775 


93.5 


43.94 


1944.34 


.6598 


4. 4. 


19.22 


650 


95 


37.42 


17a2.81 


.6275 



Tested October 15. 



Whole Gate 


17.81 


16J0 


000 


000 


2642.89 


CQO 














17.85 


800 


107.5 


52.12 


2474.90 


.6246 














17.85 


8:>o 


103 


63.06 


2485.76 


.6331 














17.84 


900 


95.8 


52.25 


2561.18 


.6078 














17.83 


8-25 


106 


63.(K) 


2503.88 


.6286 














17.83 


850 


103.3 


63.21 


2514.77 


.6283 














17.85 


875 


99.6 


62.78 


2554.83 


.6127 


Fart Gate. 












18.06 


700 


97.3 


41.27 


2042.38 


.6923 














18.02 


675 


100 3 


41.03 


2036.56 


.6922 














18.04 


650 


102.6 


40.41 


2036.66 


.58^6 














18.20 


500 


104.2 


31.57 


1683.73 


Mbi 














18.18 


625 


103.2 


32.83 


1680.61 


.6689 














18 32 


400 


95.6 


23.17 


132S.2S 


.6041 














18.34 


350 


103 


21.90 


1301.28 


.4S47 














18.57 


200 


93.5 


11.94 


908.29 


.3760 














18.44 


250 


105 


11.69 


1079.87 


.3081 














18.06 


6j0 


106 


41.75 


1981.13 


.6192 














18.20 


600 


106.8 


32.36 


1651.78 


.5699 














18.35 


350 


106 


22.48 


1277.42 


.5078 


Whole Gate. . 












17.84 


850 


107.5 


55.3S 


2532.96 


.6489 



Success Wheel. 

S6-tiKA«!hitl, tiBt by S. M. SmUb, Yerle.Fa. 




Called Ibe In^roTed Soccen, very fngUo in coiutniedoD. 
Drnls below for one niiaatc. Molliplf revDlndanB by IS. Oct. IS, IBIS. 



G^ Opened 


Dead [Wetghl 


Re. ,.« 


Iior« 
Power 


■s 


Per 


WlmlcGlCc 


v'.w 


875 

m 


191. s 
IJO^S 

itaA 

i«:5 

183.2 

1' 


68.76 
«ft'88 

M*7a 

38.36 

26.84 
27.89 


2SW:4S 
24M:I4 

2Mb!37 
16->3!80 

1486:77 

I6IL4« 
1223.47 




9000 
7897 

"!* 

7329 
7798 

)9«1 
7212 
7321 

6884 

B04T 


Second test of llie euiie wlieel, Iho bnckpla IwTing been ciiippod snd otter 
chuuRce uule. 


Part G.JC. 












7,80 

i 


eoo 




«S.I)9 


2410,98 
2194:«8 




i 

124 
i061 



Tfala irhee] dlKhBrgdil di 
■t the edge, between the hi 




la buckeu, lea iquirc 



CaieO[>ened 1 llcsd 


Weight 


RcTfe 


Fp™t 


^Feet" 


S 


Whole G«le 


Ig,M 


1,25 


000 


0-0 


tmM 


000 






































is!2fl 




154' 


39:20 


















18.25 






3B,81 


1S2S.18 


'.-m 
















-J* 


ito" 




















18.25 






40:22 


l»40:i3 


>1«S 
















S'M 


144T 


4o'n 




.7148 














18:24 


«30 


usIb 


4o:bi 


«8S:78 


:7iM 
















7W 






e»4.7o 
















i8:;i 






42,01 




Aaij 
















»U0 






749:S6 


.«8a 


:: :: 












If 

18:42 
18.43 
18.4e 

isjis 


SIS 
400 

s 


168' 

149:T 
152 

147:5 


30:73 

32:iB 

27 :w 

23.00 
22.54 


4B4:M 

1293:87 

M4.30 
848.W 


.7005 

:7053 
.8621 

■'i 


Jl " 




_ 


_ 


_ 


_ 




^^ 


iir.5 


ia:io 




:«DM 



TAIT (Continard). 




the 6m but the edge of the buijketi bad been 



GbM Opened 


Head 


Weight 


^inSe 


row"? 


?m 


~Kr 




IB 18 




issa 


89 61 




MIB 








































































;; ;; 


1313 


TUO 


IM 


«.27 


1B»S.»8 


'bTM 
















;; ;: 


18.13 


800 


liS 


Jl'ia 




.«:oi 


P«ft G«te 






i; 


m:" 


1718.M 





















18^ 






















































;; ;: : : : ; : 




S;0 








.6260 

!e2«4 



Second teat of the No. 1 T^it wheel, the bud 
itrp DD bi^k ride, between the lioop Had ero< 



■inKb*en '• dilppcd" bai-t 



/hole Ga.e 


18 2S 
8,tl 


7«0 
7!5 


I4t.t. 


4^.08 
46.13 


IMTJS 


■I'f 






«00 


535 




i»eoo 














































;; " 






152^ 






.im 


;; ;; 


8.SI 




MS 






.aaa 




b 
























lillRate 




7* 




*6.»3 
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Nonesuch Wheel. 

40-inch wheel, sent by A. S. Clark^ Turners Falls, Mast* 



The designer sends the following description : 

The wheel consists of downward discharge buckets*, enclosed by bell>shaped 
cylinders. The one forming the hub of the wheel has the concave surface next 
to the buckets. The other forms the flange or band which encloses the lower 
or reacting parts of the buckets, and has the couycx surface next to them, or 
larger end downward. By this construction, the lower parts of the backets are 
expanded on their outer extremity, which gfycs a very easy discharge. The 
curb of the wheel has a short draft tube in which is the step on which the wheel 
revolves. The water enters the wheel at the side and above the outer flange, 
through a system of straight chutes, within which is a cylinder gate having on the 
lower edge fins or blades, which extend into the chutes. The downward pres* 
sure on these blades and the weight of the gate is counterbalanced by an upward 
pressure on nu external sectional flange near the top of the gate, and within the 
dome in which the gate rises to open. By this means the gate opens easy under 
pressure. The wheel is constructed on the theory that water should not be 
changed in direction horizontally after leaving the chutes, but take a downward 
direction only, as the wheel absorbs the power of the moving water. 



This wheel was ver}"^ deep, like the Hercules; conical in fhape, 40 inches in 
diameter at the top and 48 at the bottom, which turned outward lilce the Bisdun— 
hardly distinguishable in outward appearance of curb from the Hercules. 

Data below for one minute. Multiply revolutions by 20. Oct. 21, 1879. 



Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 
Power 

000 


Cubic 
Feet 


Per 
Cent 


Whole Gate 


17.37 


2100 


000 


3999.93 


000 


ti n 


17.14 


1100 


157.6 


105.06 


4449.00 


.7294 


It (1 


17.15 


1200 


149 


108.30 


4453.29 


.7512 


« <( 


17.12 


laoo 


139.2 


109.67 


4461.89 


.7600 


l( (i 


17.15 


1400 


131 


111.15 


4470.51 


.7676 


(( 4( 


17.13 


1500 


118.5 


107.74 


4470.51 


.7448 


l( ii 


17.12 


1600 


105.5 


102.30 


4449.00 


.7112 


(( (( 


17.11 


1375 


130.5 


108.75 


4444.38 


.7571 


Part Gate 


17.12 


1425 


125.5 


108.76 


4444.38 


.7603 


(( (( 


17.12 


1400 


128.2 


108.77 


4449.00 


.7662 


K ii 


17.19 


1400 


120 


101.82 


4256.59 


.7368 


(< (( 


17.19 


1350 


125.5 


102.6S 


4239.56 


.7461 


t( (( 


17.42 


1300 


106 


8J.51 


3711.41 


.6839 


(( << 


17.38 


1300 


114 


89.81 


3859 00 


.7090 


<; (( 


17.38 


1200 


124.7 


90.70 


3838.38 


.7-206 


i( (< 


17.48 


1100 


125 


83.33 


3865.58 


.7079 


>< ii 


17.65 


950 


125 


71.98 


3197.18 


.6750 


i( <( 


17.75 


800 


130 


63.03 


2935.63 


.6404 


i( «( 


17 75 


850 


123.5 


63 62 


2928 04 


.6481 


i( (( 


17.81 


700 


127.5 


54.09 


2666.18 


.6021 


(( << 


17.92 


675 


123 


50.31 


2512.67 


.6053 


<( i( 


17 92 


650 


126.5 


4). 83 


2.501.81 


.5885 


i< (( 


18.04 


500 


131 


33.69 


2-224.52 


.5237 


« i( 


18.03 


550 


122.5 


40.83 


2221.03 


.6398 


i( (( 


17.09 


1400 


126 


106.91 


2449.00 


.7443 



Hercules "H'herf. 

JliilgBUe MacM^ic Co., ir„lyBkt. XatI 




Da..l«lowfor 


nemlnu 


ic. Mulriplyrev 


lullopsbyM. 




GMe Opened 


Uesd 


Weieht 


^ZSu 


P-Ter 


■iS 


^Tir^ 


Whole Gbm 


Tjf 


2S00 


OM 


000 


4808.44 


.000 
.7603 




00 














us 




10«4 


1^1 «2 


4«8l!ofl 






70- 






mso 


4Tai.M 


.8000 




04 










.1986 


















03 








4T0S.CS 


UolT 




04 








4721.M 


.1M» 






j| 


ms 


lil7i 
120 01 


l^iw 


!eo8i 


ParcGMt 


17 23 


11 


i' 


11 04 


4moJ 


!8H7 




















IIW 


16S 


108 «3 


joseiii 


!b2CS 




17 46 








aoSB.oB 












visa 








I 40 


1U^ 








J'2U 




1 ■» 


1009 




03 OS 


3£07."4B 


.(OlO 




1 30 


1000 














uoo 


















18 09 


IWS.8B 


jios 






809 


























n^i 


teO 


IM 


*(ST 


^BAl 


fs 




















600 




M64 


Z428'l4 








m 








:6M8 




__1_40_ 






_jia4_ 


asm.'oo 





Hercules Wheel. 

Jlolyolu Xachlnt O., Holyokt, JfaH 




Data below for 


ne »lnu 


(e. Multiply «Y 


BludoiH 


by 20. 




1 


Ga«Op.«.d 


Hewl 


Weight 


mlnSw 


Poi-er 


Fi-fl 






16 83 


ins 


l-i2 


117 « 


laeisa 


79^ 






































































































































































I'm 




Ifii"" 






■!S 






"■74 




168 


SOM 










17 .li 


13«0 


IS6.7 


m.M 


47M.24 


.7e»[ 




















































































;; ;; 


18 10 


eoo 


1SA.S 


M^ 


."KS 


'mJ- 




;; ;; 


iS.OT 


fts 


!3¥:! 


80.49 


ZK)&.33 


.Ttra 

.70t5 





















M-iitck wAeet, 



Hooston Wheel. 






Databelo 


«■/ 


«■ 


«.t 


d. 


Gate wnftrd very hard. 
me. Mulilply levoludous 


bj'lS. 


Not. W, 


97.. 


GaLoOponcd 


Held 


Weight 


Re-, perl H<.r»e 
minute 1 Power 


K*« 


^lil 


W 
Pi 


bale 


.:■ 














lOil) 
8M 


flOO 
14».e 

146.7 
IS8.6 

ua 
lie. .-I 

1.1S3 


000 
liiioo 

37.79 

alias 


3t»7!zi 

i;o4,w 
i7i)4!e(i 

El 

3JI»,SS 
2M8.30 

2033 .3S 

i**s!so 




Sl!3 

i8-e 




To at EtttlnuTH raaUng Hudn-Dynamic Experimetdi for Water Itneer Q 
Bolyokt, Mai,. 
(■■MTLIHIN : The wbeel whlcli we had tested by 70U wan ta eiperiiD«nl 



;espectfullj, 

SULLIVAN MACHINE CO. 

C.B. Rica, Trt. 



Houston Wheel. 

SS-lK'-h ichftl, teni by <nu mho had ptmhaied i/tt »Ah(. 






DKi below f 






Dl 




le. Mu 


.Lplr rev 


olulions 


by 15. Noy.2S.lg7». 


G.1, Opened. 


Betd 


Weight 


Rev pe 


Po^^r 


Fe<.° 


Per 
Cent 


Pi 


hole Gwe. 












|4:» 

u;*8 


22o 
ISO 


1M.& 


win I 


1811 


46 
17 




81W 
8121 

6960 


T 


-cwKh blocks tnfoar 


rOic chute.. 


1 11.2T 1 4-U 1 MS.i 1 2S.3a 1 1438.B1 | .TOSS 


TrBi «iih blocks ill tevca of Ihe thaUf. 
















U.28 
14.40 


s 




IIS 




i 







rrl, tnt bij B. R. Jtoi/T, ICpkrala, n. 




DMttbeloiT for one minute. Mnltlplj n 
Gale flpeued Head Welglit 




Thnm wbeela, placed out ibare the other, the mid^ wheel being loou 
■haft, but lieing balled Bml; to the curb — arranged in this manner thai it mij 

Lrflc-1, hut » verj leak; ai to be anything but creditable to the workmaDship 



:h« M-he^.' "''*'"* "" ' "'" " ""»'"• " "■ 
Very re>|)eetrullj-. 



II. L. KOELLSC'H. 



During the past few j-eara manj patents haw been issued for deiieei ki 
to be perfectly irorlhlees by those scqualnTed with tlie subjects to nhlch 
belong. Firtienlarl/ lias tliis been the case in turbine pluns. It is hardly possiljit 
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hopes of circumTentlng natorcr in its claim for friction and waste, or, what is 
more geiieraU7=tbccase,hoptDgtoachicyo *' perpetual motion " through a doable 
use of the same fall of water. Boydcn's ** Difltiser/' or the " Double Turbines " 
of Wynkoop, Leffcl, or any other make, have proved equally fallacious. The 
highest results have been obtained from the single, simple plans. As the most 
eficctiye means of presenting this fact to Mr. Koellsch, the Monarch was first 
tested in the combined form designed. The results may bo seen in the first table 
belovr. Then the lower wheel C and chutes B were removed and the wheel A. 
alone tested; results obtained in the lowest table. Whenever the efficiency of a 
single turbine is increased by the addition of a second wheel or diffuser beneath, 
it may safely be concluded that the upper wheel is defective. 



I>ata below for one minute. Multiply revolutions by 10. Nov. 15, 


1879. 


Gate Opened 


Head 


Weight 


ttcv per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 

Cent 


Whole Gate. . . . 




18.4S 


75 


265.5 


6.09 


420.92 


.4145 


(< (( 










18.49 


85 


250 


6.40 


423.60 


.4326 


If <i 










18.49 


95 


288.3 


6.86 


427.76 


.4592 


tf 41 










18.51 


105 


223 


7.06 


429.14 


.4703 


(f (< 










18.51 


120 


207.5 


7.54 


429.14 


.5025 


f < (( 










18.51 


130 


172 


7.56 


429.14 


.5007 


(< II 










18.51 


140. 


182 


7.72 


430.60 


.51S5 


• 4 ' «l 










18.51 


150 


166 


IM 


433;24 


.4978 


Gate closed 5 turns. 








18.51 


130 


194.5 


7.66 


430.50 


.5095 


.< «4 13 <l 






18.51 


135 


187 


7.65 


430.£0 


.5087 


tt II << (I 






18.52 


185 


187 


7.65 


429.14 


.5000 


«« II 15 a 






18.53 


133 


193.T 


7.92 


418.19 


.5411 


tt II (1 <« 






18.52 


140 


187 


7.90 


415.47 


.54C6 


II II <« t< 






18.55 


130 


194.5 


7.66 


383.11 


.5703 


«< II << 11 






18.56 


140 


179.5 


7.61 


376.41 


.5767 


i< 1. « •( 






18.67 


75 


152.6 


8.46 


242.80 


.4135 


it II << It 






18.65 


95 


184 


5.29 


232.24 


.5133 



After the above tests were made, the lower wheel and set of chutes were 
removed. 











Test of 


upper M'heel A. 








Whole Gate. . 


• • • ■ 


18.32 


loO 


267 


9.00 


602.24 


.4319 


i« <( 


• • 






18.33 


140 


229 


9.71 


594.81 


.4405 


II <i 

• 


• • 






18.34 


150 


1845 


8.33 


587.40 


.4119 


Gate closed 5 turns. 






18.34 


130 


270.3 


10.64 


605.22 


.4847 


.« •« << 








18.35 


140 


232.5 


9.86 


600.75 


.4775 


If .1 10 








18.35 


130 


277.5 


10.93 


605.22 


.6210 


<i ti << 








18.37 


140 


232.5 


9.86 


590.36 


.4813 


tt .1 ^ 








18.37 


130 


293-5 


11.56 


678.54 


.5753 


II <i <( 








18.38 


140 


247.5 


10.50 


565.33 


.53.':0 


II .1 13 








18.30 


130 


290.5 


11.41 


539.11 


.5969 


«« II It 








18.37 


140 


239 


10.17 


524 63 


.5587 


II 21 








13.46 


110 


267 


6.90 


429.14 


.5942 


II II «( 








18.47 


105 


235 


7.47 


401.62 


.5292 


11 II 22!: 








18.65 


75 


263.3 


5.98 


817.65 


.5344 


1. 21 








18.62 


50 


21 ■> 


8.25 


212.80 


.8806 



New American Wheel. 

4S-iruh vhtil, «t!nl bg SUmt. Xilli •£ Ttrnple, DayUm, OMe. 




Head WtLghi '^"g^l """ I pj^'f Ctm. 






.having ciitlhe vlngi Aaf gales off. This chaDBonuiD 
orihs wlicfl wiicutlie owes were aprued Id full. 



Hercules Wheel. 

Holyoki JfacAine Co., llotyoke, Man. 






Data below for one iDin 


Me. Mn 


tipljTC 


VDlutton 


by so. 


Jan. 10, 18S0. 


Gate Op«Kd 


Head 


Weight 


SK' 


fcf. 


-cSbic 

Feet 


Cent. 


WloleGMeWi inches. . 


1132 


4400 


000 


000 


aiMBT 


0000 








2800 


»4.0 


133.1S 


SOtl.TO 
















8IB2.SB 


.TTOT 
















.TCflB 






ii!w 


2900 


T6.2 


va.\i 












2600 


80.6 






:t«i4 








!»50 








.S28B 










e4!i 


I4o!o4 












27M 


81.6 


136-S3 




Itmi 






S7S0 




130 60 


78B2.!D 


-TSflB 


., n. g .. " : 


1L70 












" T " 


ll.» 


1 


80* 


IKM 


T4S3:t5 


'.ItM 




IM 














i.a» 


2300 














2100 


87 


110.-2 


8121,00 


.7019 


■' " 14 •" : 


\.ai 














i.as 


2160 




]I0'.7S 


6S4l!40 


■iim 










103 69 


8238.89 










82.6 








;; ;; u ;; : 


i!2s 


11M 


80 


11 


6362,'S8 
6388.15 


>«8 






IBilO 








ilS04 






13O0 






4463:» 


.7088 




I.TT 






flB,9S 






" " " 




1400 




I1.2T 


4374.00 .T060 



Hercules Wheel. 

JMgokt Ma-:hint Ch., Hatyakt, Matt. 




Dau below r 


rqB 




InWe. Mu 


tlply r« 


olUlon. 


by 10. M«r£iiS. 


1880. 


0>tc Opened. 


Hold 


Weight 


Revpe 


lIo»e 


Cubic 


p« 


Whole GUe 


17 90 


57S 






1172 12 
















17 92 




Kas 


M.4I 


1048.13 


.8000 














ii:»o 


300 


327:s 


29!7J 


















17.M 








108...fil 


.8121 


















SiB 








P»rt Gutf. 












niss 


ITO 


M5 


28.30 


1029:il 


:SH8 
















»» 


3M.5 






.S2!« 














risa 






28:39 




.8M9 














17.86 










.8084 
















aso 








.»07t 
















i4* 




as: 79 


0U:30 


























'.V»i 


























" !! 












kIm 


135 


Mi 


M^OO 


tlt?57 


"tK! 






















905 :o4 


!7eT4 














17!05 






























2i:fl5 










































is!oo 
























18.01 


1«5 


3M 


2026 




















185 




19.81 


777*22 
















isiofi 


170 


1; 




770.98 
727 '.SI 


.74M 

:73(B 






















«89.48 


.J20I 














Ig.OS 


155 










" !', 
















Im'* 


i*'os 


«4i:« 


.'mbi 


" '■ 




_ 






_ 


\%.\b 


130 


31g.S 


13:7a 


SS7:0B 





Boyer Wheel. 




id ptepiutd-lba on* 



0.» Opened 


Head 


Weight 


S^uie 


Hor... 

Power 


Cubic 
Feet 


^ 


Whole GKC 


1T.B8 


esi 


COO 


DM 


97801 


ow 






















235.7 




SHI.3S 


.rw8 


















n.TS 


375 


m 


21.07 


fiOLBS 


.mo 


















17! 70 


«S 


i8i:» 


^M 


m'm 


.7848 


















17.70 


350 


ItJii 


2t:27 




.7sa» 

.8000 


















17.7:1 






21.33 


9i3:ii 


























eis.to 




















2a7.a 






'.-.ba 


W " 












li 


380 




2i:4» 


033:91 


.7738 


i; i; 














330 


3W 
319 S 


2i:fl5 


nai.Ki 


!7I3< 
.7I»1 














17!«t 








680.81 
























«e9.32 


!«6U 


















225 






.6299 














I7.BT 




2125 


1T.3S 


aisiis 


.6258 










































207.5 




















vm 


ai5 




1407 


716:i9 


!5641 














18 0} 










.M8fi 












































i.«l 


574.35 


.8881 














18.17 


U5 


2oa 


7.W 




.87*0 












































4.34 


















isisft 




210 


3.83 


4«-;81 


!S3J0 


















iB.n 




222 






.aiis 



Crclonie Tnrbioe. 




Hore than ordinaty pBim was taken to obtain a deeisiTe trial of 
thU device, not fW>m any belief in its saperior efficiency, but be- 
came cyclonic minds, Slled vith vorticote ideaa, are far more abun- 
dant than ia generallj realized, not only with the illiterate but 
quite aa plentifully witli the educated, the turbine user ai veil u 
builder. The cyclone, the whirlpool and centrifugal force hxii 
been harped upon in connection with 'urbine building since lite 
conception of that business, — Uriah A. Boyden and the author ot 
the cyclonic alike trying to profit thereby, to gain something from 
nothing. It ihould be plain to any level headed person that to 
produce a centrifugal force of one hundred iiounds, a somewhsl 
greater force must be expended to do it. Were the reverse tho caw, 
tlien "perpetual motion" would not only 'la possible, but wotlld be 
very philosophical. The following explanation and description ii 
by the author : 

ThcItwalliBt Bovem the actton of Ihi* wheel, se Itiniune impHea, la coiM 
from Nauir.', ■wfls rounded uii ihe iirinciples and Uis Umi Eovvm tbe rcurr 
mo'lonor Ibe C^cloue-tbe greM motor etigiiis of our ■Imo-.pbere. Itia axtll 
kaeirn fuct in in<!Cenrnlof[}-, Ibiit nil ibirm<, from chu imilteBt wbirlwiad » 
Uia mist extended eyclone, itre tniislalcd aIoiik Iboir cnurie In a rapid toni- 
M« imlLoii. TBTcdvlnjr irouud in nils. wJjicli is Ihe point of lowest baromelfr. 
: oloiie tbe earth'i sur&r« from iioipa 

_ — . — — J-.- — , -eiicb the cooLer cutreiita of tlie upper I 

r ' "ud there mpidlv coudeiBe into cluuds iind rain, aetttng free tin 

latent beut produced by Cfiudeiis.itEoii and greatkj eitMnding ilie mitroiiii^it I 
■»aa<puere and correapondlnily IncreaBinE llie point of loir bmvmeter. TbU I 
r«pidrotiHyinitioiie»ll<iiitoiil»ytheeinlripet*l»iidoentrlfn(t«l foi-CP«,»iid tlifT, 
Mtingslmo-t equally in apnoilte direcCloni, and on both rides of Die whlr]li«(fr. ' 
IleicapFBKpini'ly upwards with the pnnsr nC twtb fircei combined. Itisilii 
upiTard.tirlating vnrticawmolioii Hint miikea llie tornjido the mOFit deltriiclil 
engine thai cornea nitbia nnr uiperlenee, and as natsre ever follnwa the lino' 
lent reriatioce, so It mu-l bo the mo't perfeci sod powerful mechanial 
Hinted— sir Bi id water io motion beinRgoT- 
ception that iiir is compreaaible ud elastic 
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In order to meet the differences, I have made the upper part of mv wheel » 
large air chamber, theu, as tlic water comes up into the wheel, instead of 
striking an iron plate, it strikes a column of contined air, and by the force of 
elas.icitv, it is thrown back up«mthe wheel without loss of power and escapes 
hoiizontaUiY Ht the perimeter of the wheel— thus doing away with most of the 
imp:ict aiiu friction which seems to be a neccfsitv to most other wheels. Ihe 
chum 4 th it I have got allowed are, fir^t, the air chamber, which is described as 
spheric d, surmounting the wheel ; second, a fecroli shaped flume, with a central 
apertnre through the top plate coiTespoiiding to one iu the lower section of the 
wheel. The water enters the flume and U made to assume a vortical or cyclonic 
motion before it reaches the wheel, so that the wheel does not have to expend 
tho power in changing a direct modon of the water column to a rotarj' or ppirai 
one, out it g.iiiis in power from tlie application of the cyclonic motion, wnich 
the water h^s gained in passing througn the flume, so that the wheel gets not 
only tho heicl pressure but th it due to the acquired centrifUgal motion. The 
yaliie of this wheel seems to be, fir«t. in rapid whirlpool motion before it 
louches the wheel, and consequently does not hare to perform that labor; sec- 
ond, its great velocity of revolutio:i ; third, the water coming in at the center 
and flowing oatward makes the most of centrifugal force, which force is addi- 
tionui to head pressure, and will increase in proportion to the square of its 
velocity; fourth, a sm:ill wheel will do as much work as others two or three 
sizes larger, because the pressure, being greater, will discharge more water 
through the same yent with corresponding power* 

24-inch wheel; six outlets, each 2} inches square. 
Data below for one minute. Multiply revolutions by 10. March 10, 1880. 



Gate Opened 


Head 


Weight 


Rev per 
minute 


Horse 
Power 


Cubic 
Feet 


Per 
Cent 


Whole Gate 


17.10 


200 


000 


0.00 


307.20 


000 


ft ft 


16.98 


60 


380 


6.75 


450.87 


.8900 


ff ti 


17.03 


75 


299 


6.70 


428.46 


.4861 


•• «* 


17.02 


100 


204 


6.18 


392.29 


.4901 


<< n 


17.00 


00 


352 


6.40 


443.41 


.4485 


«< It 


17.00 


70 


321.5 


6.81 


437.96 


.4842 


*i t( 


17.00 


80 


288.5 


6.99 


425.77 


.5113 


ff «t 


17.00 


90 


252.5 


6.88 


409.61 


.5231 


<t tt 


17.00 


85 


266.5 


6.86 


406.93 


.6250 


ft t< 


17.00 


85 


247 


6.36 


384.36 


.5153 


It tt 


17.00 


75 


290 


6.59 


402.92 


.5004 


ff tt 


17.00 


65 


323.5 


6.37 


420.36 


.4719 


tt (( 


17.00 


50 


195 


2.95 


268.93 


.3416 



Another test of same wheel, the outiets being enlarged to 21 inches square. 



Whole Gate. 
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Hont Wheel. 
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MeiT«r'H Reliable Turbine. 
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The resDlU below thaw thii nbeel lo be the most cconomlal In ihe hh of 
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Stowe Wheel. 

rl, lint by S. F. Xoff, Jfrtnari, K. J. 
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HtuUwlMcl reported upon Bdoibecpafte. Ai the gLie raided to open, it worked 
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■truotlng tlie chutes. In ihla condition the wheel wai cirefull; tested. | 
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Easier Working Gate. 
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Easf Working Gate. 
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EXPERIMENTS 

WITH 

Gears, Belts and Draft Tubes. 

[These experiments occupied the time ttom March 18 to 

April 23 inclusive.] 



In presenting these results, it is not pretended that they exhaust 
the subjects, for such is far from being the case, as every change 
made, no matter how slight, caused a change in the rate of trans- 
mission. The best results obtained are given, while the conditions 
under which they were obtained were certainly quite as favorable 
as gears and shafting are likely to be placed in mills. The great 
loss in transmission through the spur gears was entirely unexpected, 
and the experiment was repeated at intervals, during several weeks, 
Dvith substantially the same results at each repetition, and it would 
seem desirable to make a more exhaustive trial by trying a greater 
variety of gears of ditferent make and relative proportion, and par- 
ticularly of gears made from the same patterns, but of different 
brands of iron. There must be some discoverable cause why one 
gear will run without perceptible wear for years, when another, put 
in to replace it, cuts out m a day or two. So of water wheel steps, 
where two wheels, seemingly alike, placed in the same pit, with one 
the step lasts for years, while the other requires a new one monthly. 
Is there not some property in the iron that causes such different 
effects? At any rate, it is hardly worth while to spend time, brains 
and money in efforts to produce turbines and other engines of the 
highest efficiency, unless corresponding efforts are made to transmit 
a reasonable proportion of such efficiency. 



To find the loss of power in transmission through gears, and the 
loss by use of draft tubes, the highest efficiency in each case must 
be compared with that of the 16-inch Victor wheel reported upon 
the next page. 



Victor Turbine. 
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Draft Tnbe In Backwater. 
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Draft Tnbe Experimente. 
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BXPARTMBNT OF THE INTERIOR, UNITED STATES PATENT OFFICE, 

Washington, J), C, June 17th, 1880. 

Sir : In reply to your letter of 14th inst., you are informed that the records of 
;his office show that the first patent granted for *' Draft Tube for Water Wheels " 
vas issued June 28th, 1840, No. 1658. It appears to have been the invention of 
2(bulon and Austin Parker of Licking Co., Ohio. The patent was iseoed to 
Zebulon Parker and B. McKilby, administrator of Austin Parker, deceased. 

Respectfully yours, 

F. A. SEELEY, Chief OUrk. 

Hahbb Emerson, Willimansett, Mass. 



Tests of 15 inch wheel placed as shown on opposite page. 

The wheel was far less steady during this trial than when placed at the bottom 
of the flume. As the tube was surrounded by 8 feet of water, of course there 
was no leakage of air. 
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Test of the same, the lower end of draft tube being unsubmerged. 
yii..le Gate. .,..*. | 17.80 | 100 | 266 | 8.06 | j 

Second test of the same draft tube taken several days later. 
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Part Gate. 
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. The wheel was more difficult to control with brake than during the first trial. 
It took a long time to clear the tube of air. Quite a number of tests were taken 
pfore anything like the power due the head could be obtained, though they 
were not recorded. 
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Kedaced Draft Tabe. 

Test with 19-inch draft tube. 

During this test the wheel was placed at the top of the before mentioned 23- 
inch draft tube, that haying been diminished in diameter by tlie insertion of a 
lining 2 inches in thickness, leaving the inside diameter of tube 19 inches in 
the clear, and 10 feet 4 inches in length as before; and, as before, about 8 feet 
of the head above the wheel. 
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Test of the above arrangement the Ktwer end of tube being unsubmerged. 
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Draft Tube Again Reduced. 

Test with 15-inch draft tube. 

Continuation of the same arrangement of tubes as before, another lining 
having been inserted, leaving inside diameter of tube 15 inches; length, 10 
feet 4 inches, as before. 
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Curtis Wheel. 

il hi Gatm Curtis, Ogdrnttiurg, Jf. Y. 
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New American Wheel. 
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Kew American Wheel. 




SO-inch Wheel. 
Bcttil or the swne whetl after ctaBDjciniir tbe Onrins foi i, stmlgliC dnft Id 
The g«te openings were Ib« »oie throuBb the three tri»l». Tha Wl l«*(i 
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Experiments with Gears. 




Te«t9 mule for tb« .«Tirpa9« of ucertBinlDg the loia of power In tmnBiiilgsloii 

endoFahoiizoDtnl Bhatt, Rpre>ent[nK "Juk Khun," Iha olber end betiiACDn- 
noeled lo the turbine shaft in the mn»l wij bj-bevfl genni. These Bears, shaft* 
and flltinm were generously furnishod for the purpose bj Ihe Messra. Poole & 
Itaat, o( Baltimore, Md. Other gear makers were applied to but none or them 

flnislied surfaceft vere furnished- The warkmanshlp of the geare, i^hafta and 
bnxea was prononneed by experts to be excellent and superior ta the average work 
of the kind fumishsd in this Ticinit)-. The form of the leelh of Ilie eears was 
inTBriably approved. With Bvery change of gears, experts were called In to 
eumlne their poiitinn aod coodltlDD. During these eiperimenls the ItrEesE 
gear, which haa4fl teeth, waa used upon (he lurbino abaft as crown ftenr, wnjio 

Engs wero kept well oiled, but, u it is a commou Idea with gear makers that 
the teeth of gears roll (iwelher ao that they work just as easv nhen dry as 
when well lubricated, the £rst trial was made with dry gears. The table below 
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Teat Ihrough same gears, (he geara being thoroughly lubrieated. 



Experiments wiUi Gears. 
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tlia teelh of Ilia Reurs ran rather c1o»b toitothcr, IhoDih 
-cctly rieced nccnnlins to the nplnian of expert* in «ueb 
■ateil about 1-16 in. more, tl.cn gavo the resolu below. 



Experiments with Gears. 
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Experimeots with Gears. 




ConliDuntlan at the eamblnod !ipiir and b^fl ftear (>Tp?r1nipnU, tlie Bp 

ShKn"snd working into tbe one btiTliig 39 te«h onar^nond hariiontal sha 
vbleb the brake iriis placed— tbe small bcTel gear being continued u 
gear ihrongh all tbeae tealB. 
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Belt Experiments. 




Taprenn for the Eip«riiiicntB to dctermluc thelosaor pom 
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Qoartor-Turn Belt. 



irdrrlo make the experiments, (he turbine or ver- 
tical shall was connected to a horizontal sliatt by tlii 
belt as Ahowu the pulleja were each 30 jncbes In 
iliunelcr 8 inch fact. The brake waa placed npon 
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e kmdiy fundsiied by J. W. Camnock, 
A^nt Dwiglit Mills, CMcopce, Mast. They were se- 
lected apedally for ibe pnrpoae, eight tDcheela widtli, 
Ample but thick and even their whole lengrth^ and liad 
been used sufficienlly to make tliem pliable. They 
were atretcbed as tight upon the pulleya aa Itwua 
daeined adtisable by experts present, to have belts 
work The wcighla named in the tcsti were all the 
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Quarter-Twist Belt. 



Pulley 1 30 inchet in diameter i S'ineh/aosm 



. ELEVATIOK 




Wliole leogth of belt, about 85 feet. 
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Open Belt. 




Whole length of this belt about 86 feet. 
Data for one minute. Multiply revolutions by 10. 
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Cross Belt. 




Pulleys the same and in the same position as when tried with opes belt. 
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PHENOMENAL TURBINES, 

It is here necessary to utter a caution against the selection of 
a turbine from any make because one of the kind has been reported 
as giving remarkable results. Mr. Boyden reported in an excep- 
tional case high efficiency, yet the builders of that wheel refuse to 
guarantee above 75 per cent. ; and tests prove many of them to be 
below that. Stevenson's wheel was reported above 90 per cent, at 
the Birkinbine, Philadelphia, tests ; yet it would now be difficult 
to find a Stevenson wheel in use. The Risdon, reported so high at 
the Centennial tests, is little talked of now. The Hercules, reported 
as giving the highest average results ever obtained from a turbine, 
often gives less, though remarkably efficient, if care is used in the 
selection, as may be seen' by the results obtained in the trials here 
reported. The first Wolf wheel tested gave it a "reputation that 
was soon lost by subsequent tests of other, and particularly larger 
wheels. The same is true of the Walsh. As to the small Victor 
reported in connection with the gear, belt and draft tube experiments, 
probably not one in a thousand of that make would repeat those re- 
sults. Two of the same size since tested, under the same conditions, 
sent to fill orders, did not reach 80 per cent, in either case. At whole 
gate the Victor stands unequaled in efficiency, but care is neces- 
sary in selection with that as with any other make of turbine, and 
particularly in the selection of the larger sizes which have not 
proved so efficient as the smaller ones. 

CaiftiQn is filso i^eces^ary |n th^ consideration of the ''part gate '* 
claims, published ,in circulars. It can be a matter of little impor- 
tance to mill owners whether the gate is one-fourth, one-half, three- 
fourths or wholly opened, if the same quantity of water is dis- 
charged in either case. Many of the turbine gates may be closed 
one-half without diminishing the discharge materially. The gate 
of a S6-inch Swain turbine raised four inches as its maximum. With 
one inch of that opening, it di^harged three-fifths of the whole 
quantity. In a circular before me, the builder states that his wheel 
gives 70 per cent at three-eighths gate. The report of the test is 
published therewith. The whole-gate discharge is 2300 cubic feet 
per minute, while the discharge at his three-eighths gate is over 
1600 cubic feet per minute. 
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